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Take-home message: The overall
reliability of the GCS is adequate, but can
be improved by a renewed focus on
adequate training and standardization. The
methodological quality of reliability studies
should be improved.

Electronic supplementary material

The online version of this article
(doi:10.1007/s00134-015-4124-3) contains
supplementary material, which is available
to authorized users.

F. C. M. Reith () -

R. Van den Brande - A. I. R. Maas
Department of Neurosurgery, Antwerp
University Hospital, Wilrijkstraat 10,
2650 Edegem, Belgium

e-mail: florence.reith@uza.be

Tel.: 43238214401

F. C. M. Reith - R. Van den Brande -
A. 1. R. Maas
University of Antwerp, Edegem, Belgium

A. Synnot

Australian & New Zealand Intensive Care
Research Centre (ANZIC-RC), School of
Public Health and Preventive Medicine,
Monash University, Melbourne, Australia

A. Synnot

Cochrane Consumers and Communication
Review Group, Centre for Health
Communication and Participation, School
of Psychology and Public Health, La Trobe
University, Melbourne, Australia

SYSTEMATIC REVIEW

=
@ CrossMark

The reliability of the Glasgow Coma Scale:

a systematic review

R. Gruen
Central Clinical School, Monash University,
Melbourne, Australia

R. Gruen

Lee Kong Chian School of Medicine,
Nanyang Technological University,
Singapore, Singapore

A. Synnot

ANZIC-RC, Department of Epidemiology
and Preventive Medicine, Monash
University, The Alfred Hospital, Level 6, 99
Commercial Road, Melbourne, VIC 3004,
Australia

R. Gruen

Central Clinical School, Level 6, The Alfred
Centre, 99 Commercial Road, Melbourne,
VIC 3004, Australia

Abstract Introduction: The Glas-
gow Coma Scale (GCS) provides a
structured method for assessment of
the level of consciousness. Its derived
sum score is applied in research and
adopted in intensive care unit scoring
systems. Controversy exists on the
reliability of the GCS. The aim of this
systematic review was to summarize
evidence on the reliability of the
GCS. Methods: A literature search
was undertaken in MEDLINE,
EMBASE and CINAHL. Observa-
tional studies that assessed the
reliability of the GCS, expressed by a
statistical measure, were included.
Methodological quality was evaluated
with the consensus-based standards
for the selection of health measure-
ment instruments checklist and its

influence on results considered. Reli-
ability estimates were synthesized
narratively. Results: We identified
52 relevant studies that showed sig-
nificant heterogeneity in the type of
reliability estimates used, patients
studied, setting and characteristics of
observers. Methodological quality
was good (n = 7), fair (n = 18) or
poor (n = 27). In good quality stud-
ies, kappa values were >0.6 in 85 %,
and all intraclass correlation coeffi-
cients indicated excellent reliability.
Poor quality studies showed lower
reliability estimates. Reliability for
the GCS components was higher than
for the sum score. Factors that may
influence reliability include education
and training, the level of conscious-
ness and type of stimuli used.
Conclusions: Only 13 % of studies
were of good quality and inconsis-
tency in reported reliability estimates
was found. Although the reliability
was adequate in good quality studies,
further improvement is desirable.
From a methodological perspective,
the quality of reliability studies needs
to be improved. From a clinical per-
spective, a renewed focus on training/
education and standardization of
assessment is required.
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Introduction

The Glasgow Coma Scale (GCS), introduced in 1974,
was the first grading scale to offer an objective
assessment of the consciousness of patients [1]. The
assessment of motor, verbal and eye responses of the
GCS characterizes the level of consciousness. The
picture provided by these responses enables compar-
ison both between patients and of changes in patients
over time that crucially guides management. The three
components can be scored separately or combined in a
sum score, ranging from 3 to 15. The sum score was
initially used in research, but later also in clinical set-
tings, even though summation of the three components
incurs loss of information [2]. Both the GCS and the
sum score are used in the intensive care unit (ICU) in a
broad spectrum of patients with reduced level of con-
sciousness and the sum score is integrated in several
ICU classification systems [3-5]. An approximately
linear relationship exists between decreasing sum
scores and increasing mortality in patients with trau-
matic brain injury (TBI) [6], and the motor component
is a strong predictor of poor outcome in moder-
ate/severe TBI [7].

Reliable scoring is fundamental to the practical utility
of the GCS. Conceptually, reliability is the degree to
which an instrument is free from measurement error [8]. It
has an external component (i.e. inter-rater reliability)
which assesses the same subjects by different raters, and
an internal component (i.e. intra-rater and test-retest
reliability), which reflects the degree to which the scale
yields identical results on different occasions and over
time, assuming stable conditions [9]. Reliability is, how-
ever, not an inherent property of a test, but a characteristic
of the scores obtained when applying the test [10]. Esti-
mates of reliability are influenced by test properties, rater
characteristics, study settings, heterogeneity of subjects
and how subjects are treated, e.g. by intubation and
sedation. It is important to identify factors that are
potentially modifiable in order to improve the applica-
bility of the GCS.

The reliability of the GCS has been examined in
many studies, using a variety of measures, but remains
an area of some controversy [11]. Various reports,
specifically in the field of intensive care and emergency
medicine, have criticized the GCS and questioned its
general applicability [12-15]. Many assumptions are,
however, based on limited evidence and mainly reflect
personal opinions. No comprehensive systematic review
on the reliability of the GCS and the factors that affect
its reliability has been conducted since 1996 [16]. The
aim of this systematic review is to explore the reliability
of the GCS and the sum score, to identify influencing
factors and to formulate recommendations for optimiz-
ing its reliability.

Methods

A protocol for this review was registered on PROSPERO
(ID: CRD42014009488). The focus of the review was
narrowed to reliability after publication of the protocol,
but methods were followed as per protocol. We adhered
to reporting and conduct guidance based on the preferred
reporting items for systematic review and meta-analysis
(PRISMA) [17] statement.

Eligibility criteria

Studies considered for inclusion were observational
studies, such as cohort studies and case—control studies.
We excluded case reports, letters, editorials or reviews.
Studies were included if they used the GCS to verify the
level of consciousness, and quantified its reliability by
any statistical measure. We excluded studies in which
GCS assessment was not obtained by physical examina-
tion of patients. Studies in which a majority (i.e. >50 %)
of participants were assessed by the pediatric GCS were
excluded.

Search strategy

A systematic literature search was executed from 1974 to
January 2015 in MEDLINE, EMBASE and CINAHL. We
developed search strategies using keywords and MeSH
terms on the GCS and its clinimetric properties including
reliability, validity, prognostic value and responsiveness
(Table S1). In addition, the reference lists of eligible
articles were screened for further relevant studies and
relevant systematic reviews scanned for appropriate
references.

Data selection and extraction

Citations were downloaded into Covidence (wWww.
covidence.org), a software platform that manages the
review process. An eligibility checklist was developed in
accordance with the inclusion criteria. Two authors (F.R.
and R.V.d.B.) independently reviewed all titles and
abstracts. Potentially eligible articles were exported into
the reference program Zotero (http://zotero.org). At this
stage, the selected articles were screened again to identify
articles relevant to the reliability of the GCS. Articles
retained were obtained in full text and examined inde-
pendently. Results were compared and disagreements
were resolved by discussion. Data extraction was per-
formed independently using a standard extraction form.
The studies were subsequently screened for reporting
factors that could influence the reliability of the GCS.
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Assessment of methodological quality

The methodological quality of each study was assessed
using the consensus-based standards for the selection of
health measurement instruments (COSMIN) checklist [8].
This checklist evaluates studies on measurement proper-
ties of health measurement instruments. We used domains
relevant to reliability (box A for internal consistency and
box B for inter-rater reliability). The boxes contain stan-
dards on design requirements and statistical methods
(Table S2). The assessment of a measurement property is
classified as excellent, good, fair or poor based on the
scores of the items in the corresponding box. An overall
score is obtained by taking the lowest score for any of the
items in the box. Assessment of quality was performed
independently by two authors (F.R., R.V.d.B.) with dis-
agreement resolved by discussion. The implications of
methodological quality of studies on reliability estimates
were considered by reporting results differentiated for
quality ratings.

Data synthesis

Studies were grouped according to the statistical measures
used. Within these groupings, the characteristics of each
study and the methodological quality are described and
presented in tabular form. Reliability measures are pre-
sented as reported by the authors and are differentiated,
where possible, by the GCS components or the sum score.
Where studies reported more than one reliability estimate
(i.e. in different observer or patient populations), we
included all estimates. Meta-analysis was explored but
considered inappropriate due to high heterogeneity
between studies.

The reported reliability measurements, including
kappa, intraclass correlation coefficient (ICC), disagree-
ment rate (DR) and Cronbach’s alpha, have different
properties and standards. The kappa statistic quantifies
inter-rater reliability for ordinal and nominal measures.
According to the classification system of Landis and Koch
[18], kappa values between 0.00 and 0.20 indicate poor,
0.21 and 0.40 fair, 0.41 and 0.60 moderate, 0.61 and 0.80
substantial and >0.81 excellent agreement. A negative
kappa represents disagreement. For reporting kappa val-
ues, we used cut-off values of 0.6 and 0.7, consistent with
the recommendations by, respectively, Landis and Koch
and Terwee et al. [19]. The ICC, expressing reliability for
continuous measures, ranges from 0.0 to 1.0 with values
>0.75 representing excellent reliability and values
between 0.4 and 0.75 representing fair to good reliability
[20]. The DR was developed at a time that kappa statistics
were not in wide use in neuroscience [21]. It is expressed
as the average distance from ‘correct’ rating divided by
the maximum possible distance from correct rating. A
lower DR reflects a higher reliability. Heron et al. [22]

described that a low DR ranges from 0 to 0.299 whereas a
high DR ranges from 0.3 to 0.5. Cronbach’s alpha is the
reliability statistic generally used to quantify internal
consistency, which refers to the extent to which different
items of a scale assess the same construct. Cronbach’s
alpha values >0.70 are considered adequate and values
>0.80 as excellent. Alpha values >0.90 may indicate
redundancy [23].

Results

After removing duplicates, 12,579 references were found
in the literature search. After screening, 2896 citations
were selected on the basis of their title/abstract for full
text review. Of these, 71 were considered potentially
eligible for this review. Twenty-four citations were
excluded on full text (main reasons were inadequate study
design, lack of data on the reliability of the GCS, irrele-
vance to the subject and pediatric population only). Cross-
referencing and expert opinion identified eight further
studies. The flow diagram (Fig. S1) summarizes this
process. We included 52 studies, published in 55 reports.

Characteristics of studies

Of the 52 studies, published between 1977 and 2015, 6
were retrospective and 46 prospective (Table 1). The
majority of studies were conducted in the ICU (n = 22)
or emergency departments (ED) (n = 12), with the
remainder in neurosurgical/neurological (n = 9), pre-
hospital care (n = 5) and other (n = 4). Overall, 13,142
patients were assessed, with study sample sizes varying
between 4 [24] and 3951 [25] patients. Three studies
examined the GCS as part of the acute physiology and
chronic health evaluation (APACHE) II score [26-28].
Standard errors or 95 % confidence intervals were rarely
reported, limiting opportunities to synthesize estimates
across different studies [10]. An extremely high level of
heterogeneity (I* > 98 %) across studies reporting error
estimates precluded a meaningful meta-analysis.

Methodological quality and reported estimates
of reliability

The methodological quality of studies was evaluated as
poor in 27 studies, fair in 18, and good in 7, while no
study was rated as excellent (Table S3). Two studies were
assessed using box A, as they measured reliability by
means of internal consistency only [29, 30]. A total of six
different statistical measures were identified to assess
reliability (Table 2). Studies that did not report ICC,
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Table 2 Overview of reported reliability estimates differentiated by methodological quality of studies

Good quality studies

Fair quality studies

Poor quality studies

No. of studies No. of values

No. of studies

No. of values No. of studies No. of values

Kappa 7 81 1
ICC 3 9
Percentage agreement 3 14
Disagreement rate 0 0
Correlation coefficients 0 0
Cronbach’s alpha 9 6

AN — O WU

143 10 41
23 1 5
16 8 89

0 5 123
8 1 8
8 2 5

ICC intraclass correlation coefficient

kappa or Cronbach’s alpha were rated at best as poor
methodological quality, consistent with the COSMIN
checklist. Similarly, use of unweighted kappa or having
inadequate sample size precluded rating of highest quality
(Table S2). Studies that were published soon after the
introduction of the GCS were mostly judged to be of poor
methodological quality.

Inter-rater reliability of the GCS
Kappa coefficient

A total of 265 individual kappa statistics were reported in 32
studies (Table 1). Often, it was not clarified whether
weighted kappa statistics was applied. Methodological
quality was good in 7 studies, fair in 15 and poor in 10.
Figure 1 summarizes the reported kappa values in these
studies, differentiated by quality rating. In the good (n = 81)
and fair (n = 143) quality studies, 85 and 86 %, respec-
tively, of all reported kappa values represented substantial
reliability (Table S4). This percentage remained high at 78
and 67 % for kappa values >0.70. In the poor quality studies,
56 % of kappa’s was >0.6. Of all reported 265 kappa values,
81 % showed substantial reliability (Table S4).

Considered both across and within the studies, there
were no clear differences in kappa between the compo-
nents (Table S5; Fig. 1). The sum score appeared generally
less reliable than the components. Kappa values for the
sum score represented substantial reliability in 77 % of
reported estimates in good quality studies compared to 89,
94 and 88 % for the eye, motor and verbal components,
respectively (Fig. 1). Kappa values reported in poor quality
studies were lower. The studies that reported kappa for the
GCS sum score as part of the APACHE II showed a mean
of 0.34, representing fair reliability. Nevertheless, in the 16
studies performed in the ICU (Table S4), the sum score
showed substantial agreement in 83 %, with higher scores
for the components (90 % for eye score and 97 % for
motor and verbal scores). Overall, in these ICU studies,
90.5 % of kappa’s were >0.6.

Intraclass correlation coefficient

Nine studies reported ICC values (Table 3), of which
eight were of good/fair quality. All ICC values (100 %)
reported in the good quality studies (n = 9) were >0.75,
representing excellent reliability. Kho et al. [26] reported
ICC values for the GCS as part of the APACHE 1I score,
with satisfying results except for the verbal component
scores.

Percentage agreement

Fourteen studies expressed reliability by percentage
agreement (Table S6). In the good (n = 3) quality studies,
the percentage agreement ranges from 38 to 71 % for the
sum score, and from 55 to 87 % for the components.
Eleven studies were of poor/fair quality and confirmed
lower percentages for the sum score. Some studies mea-
sured percentage agreement within the range of £1 point,
which is considered more clinically relevant [31, 32]. In
the absence of consensus on what level of percentage
agreement is acceptable, the exact meaning of these
numbers is unclear. One recent study, showing percent-
ages ranging from 41 to 70 %, assessed this as low;
however, 82 % of scores were within 1 point of correct
scores [32].

Disagreement rate (DR)

The DR was used in five studies to express reliability of
the GCS (Table S7). DR ranged between 0 and 0.143 and
varied across the GCS components and sum score. The
more recently published studies [22, 33-35] showed
generally lower DR (i.e. higher reliabilities) than initially
published by Teasdale et al. [21]. However, all studies
were of poor methodological quality, limiting the strength
of conclusions.



Number of
Kappa values
18
Good Quality Studies 1g
(N=7)

81 kappa values 16

31

30

Fair Quality Studies 50
(N=15)

143 kappa values 30

53

4

Poor Quality Studies 12
(N=10)
34 kappa values * 4

14
' 1 Il 1 Il l 1 1 Il 1 '
<> 070 0% 50% 100%
[ |x=060-0.70 Cumulative percentage of Kappa values at different cut-off levels
]k <0.60

Fig. 1 Cumulative percentage of kappa values at different cut-off levels. Asterisk Seven kappa values reported in three poor quality

studies were excluded from this figure as they represented reliability in a range of sum scores (categories)

Table 3 Intraclass correlation coefficients (95 % confidence intervals) for GCS components and sum score

Study Pt* (N) Setting Eye Motor Verbal Score
Good methodological quality
Wolf et al. 2007 [ 64] 80 ICU 0.89 0.94 0.86 0.94
Stead et al. 2009 [69] 69 ED 0.934 0.921 0.911 0.964
Idrovo et al. 2010 [71] 60 SU - - - 0.96 (0.93-0.97)
Fair methodological quality
Kho et al. 2007 [26] 37° ICU 0.83 (0.73-0.90) 0.87 (0.79-0.92) 0.40 (0.20-0.60) 0.83 (0.73-0.90)
0.85 0.84 0.20 0.84
0.86 0.86 0.40 0.80
0.78 0.90 0.69 0.86
Akavipat et al. 2009 [66] 100 Ward - - - 0.95¢
Iyer et al. 2009 [67] 100 ICU - - - 0.98 (0.98-0.99)
Marcati et al. 2012 [81] 87 ICU/W - - - 0.99 (0.98-0.99)
Dinh et al. 2013 [84] 1181 ED 0.74 (0.37-1.12)
Poor methodological quality
Fielding and Rowley 1990 [35] 75 - L: 0927 R: 0.895  L:0.869 R: 0.855  0.974 -

ICU intensive care unit, ED emergency department, SU stroke unit, ® Qpgerved by different rater pairs
ICU/W ICU/ward, L left, R right ¢ Mean of four values
% Number of patients
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Good Quality Studies
(N=6)

67%

33%

Fair Quality Studies

(N=5) 12,5%

75% 12,5%

Poor Quality Studies

(N=5) 20% 20%

60%

1 L

0%

50% 100%

Cumulative percentage of Cronbach's o. at different cut-off levels

[ Ja>0.90

Excellent, but may indicate redundancy

[ ]a=0.81-0.90
Excellent internal consistency

o =0.70-0.80
Adequate internal consistency

0 0 <0.70

Insufficient intemal consistency|

Fig. 2 Cumulative percentage of Cronbach’s o at different cut-off levels

Correlation coefficients

Gill et al. [31, 36] reported correlation coefficients to
assess pair-wise correlations between observations of two
emergency physicians. The Spearman’s rho ranged from
0.67 for the verbal score to 0.86 for the sum score. The
Kendall rank ranged from 0.59 for the verbal score and
0.82 for the motor score. These measurements demon-
strated moderate levels of agreement.

Intra-rater reliability and test—retest reliability

Five studies examined the intra-rater reliability of the
GCS, but used different statistical tests and four were of
poor methodological quality (Table S8). Clear conclu-
sions can therefore not be drawn. Most authors of primary
studies refrained from drawing clear conclusions. Only
Menegazzi et al. stated that intra-rater reliability was high
[24].

Internal consistency

Eighteen Cronbach’s alpha values were reported in eleven
studies (see Fig. 2; Table S9). Of the six values derived
from good quality studies, 100 % are over 0.80, sug-
gesting excellent internal consistency. Similar results are
seen in the fair quality studies, but the poor quality studies
show slightly less favorable results (60 % >0.80).

Overview of factors influencing the reliability
of the GCS

Forty studies analyzed one or more factors that could
influence the reliability of the GCS, identifying four

observer-related factors described in 29 studies and three
patient-related factors in 24 studies (Table 4). The bene-
ficial role of training and education is supported by a
majority of studies that assessed this influence, pointing to
the potential for improvement of the reliability from
training and education. The influence of the level of
experience of observers appeared contradictory. The
majority of studies investigating the influence of the type
of profession showed similar reliabilities among different
observer types. Some evidence suggests that the type of
stimuli used to elicit a response in patients not responding
spontaneously influences reliability. The consciousness
level influenced reliability in the majority of studies, with
higher agreements at the outer-ranges. We found con-
flicting results as to whether the type of pathology of
patients influenced reliability and evidence on the influ-
ence of intubation and/or sedation on the reliability
appeared inadequate. One primary study suggests that
reliability of the verbal score is higher in intubated
patients due to application of uniform strategies on how to
assess intubated patients [31].

Discussion

In this systematic review, 52 studies were identified that
examined the reliability of the GCS in 13,142 patients.
The studies varied with regard to the patient population,
sample size, characteristics of the observers, study design
and setting. The methodological quality was overall low.
Good quality studies found the GCS to be adequately
reliable when assessed by most key reliability measures
(85 % of kappa values; 100 % of ICC values). Similar
results were found in fair quality studies. However,
despite this favorable overall conclusion, the estimates
varied within and between studies, ranging from very
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Table 4 Overview of reported factors that might influence reliability of the GCS

Studies reporting the factor Factor influences Influence No influence
reliability not clear of factor

Observer related factors
Education/training [21, 22, 33, 35, 47, 58] X - -
Level of experience [21, 33-35, 47, 54, 56, 61, 64, 66, 76] - % -
Type of profession® [21, 22, 24, 26, 33, 40, 56, 57, 60-62, 65-67, - - X

69-71, 76, 79, 81, 83]
Type of stimulus [21, 51] X - -
Patient related factors
Consciousness level [22, 24, 28, 32, 34, 48, 49, 52, 60, 61, 63, X - -

64, 69, 71, 76, 77, 81, 82]
Type of pathology® [25, 60, 64, 71, 76, 79] - X -
Treatment® [31, 62, 63, 70] - X -

% The studies investigated following professions: (neuro)sur-
geon(s), resident(s), intensivist(s), neurologist(s), nurse(s),
emergency medical technician(s), paramedic(s), student(s), phys-
iotherapist, neuropsychologist(s)

poor to excellent reliability. The sum score was less
reliable compared to the component scores, supporting
existing reservations about the use of the sum score in the
management of individual patients [6, 15, 37, 38]. This
may reflect the fact that the sum score requires each of the
three components to be assessed after which they are
combined into one score, introducing four sources of
potential observer variation. Moreover, the sum score has
more possible scoring options (range 3—15), compared to
the motor (range 1-6), verbal (range 1-5) and eye (range
1-4) components, implying a higher potential for dis-
agreement. Similar, modest reliabilities for the sum score
were found in the studies that focused on the GCS as part
of the APACHE II [27, 28]. Although these studies con-
cern ICU patients, other studies performed in the ICU
performed in general much better. In particular, even
higher overall kappa values were found in the selection of
studies performed in the ICU, showing substantial
agreement in 90.5 %, thereby justifying reliable use of the
GCS in the ICU. We could not draw a clear conclusion
regarding the intra-rater reliability due to the low number
of studies, inconsistent use of reliability estimates, and
low quality of studies.

Different reliability estimates were used across stud-
ies, with most having shortcomings. In particular, both
percentage agreement and DR may overestimate true
observer agreement [35, 39], and the DR is no longer
considered as an appropriate reliability measure. The
extent of disagreement is taken into account by the
weighted kappa statistic, as the weighting results in a
lower agreement when observers report larger differences
[40]. Unfortunately, use of the weighted kappa was only
seldom reported. ICC values have no absolute meaning,
as they are strongly influenced by the heterogeneity of the
population. Moreover, if the GCS is considered as an
ordinal categorical variable, use of the ICC can be chal-
lenged. However, it may be argued that the sum score

® Type of pathologies studied included: traumatic brain injury,
hemorrhagic stroke, ischemic stroke, subarachnoid hemorrhage,
intoxication/poisoning, epilepsy, cardiovascular disease

¢ Sedation or intubation

represents a continuous variable as its relationship with
outcome is approximately linear [6]. Therefore, interpre-
tation and combining the findings of primary studies is
hampered and the precision with which a meaningful
single estimate can be identified for the reliability is
limited. However, this heterogeneity across studies does
contribute to the generalizability of the findings of this
systematic review.

To provide suggestions for optimizing reliability we
analyzed factors that might influence results. We identi-
fied evidence that supports the effect of the following
factors: training and education, type of stimulus and level
of consciousness. Although the evidence did not support
the influence of intubation and sedation on the reliability,
GCS assessment in these treatment modalities is a com-
monly cited failing of the GCS in the ICU setting, as
responses become untestable [12—14, 41]. Instructions on
how to assess intubated patients can be expected to pro-
mote consistency [31]. Therefore, it is important to apply
standardized approaches whenever a component is
untestable. Teasdale et al. [6] recommend that a non-nu-
merical designation ‘NT’ (not testable) should be
assigned. The issue of untestable features is in particular
relevant to the use of the GCS in aggregated ICU severity
scores such as the APACHE II [3], the sequential organ
failure assessment (SOFA) [4] and the simplified acute
physiology score (SAPS) [5]. Pseudoscoring by averaging
the testable scores or assuming a normal GCS score will
affect the performance of these scoring systems. Various
other options have been suggested to deal with
untestable features, including use of the most reliable
GCS score prior to sedation/intubation [42], imputing a
score of one, and use of a linear regression model based
upon scores of the other components [43]. Alternatively,
the weighting of features included in aggregate score
could be redefined to include the category ‘untestable’ as
a separate category. We consider it a priority to develop
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consensus on how best to deal with untestable compo-
nents when entering the sum score into aggregated
scoring systems.

Quality of studies

Across studies, the methodological quality ranged from
poor to good, reflecting inadequate reporting and
methodological flaws. This limits the strength of conclu-
sions we can draw. The overall higher quality of studies
conducted in more recent years reflects experience and
the impact of guidelines for quality standards. Application
of these standards to preceding studies led to a fairly high
rate of ratings of poor/fair quality. This should perhaps
not be considered as a proof of low quality, but a con-
sequence of appropriate standards not being available at
that time. We based our conclusions on higher quality
studies and checked for reflection of the results in lower
quality studies.

Relationship to previous work

The findings of this study extend those in previous
reviews, in which a variety of findings have been repor-
ted. Koch and Linn [37] stated in their comprehensive
review that the GCS scale is reliable and consistent for
evaluating responsiveness and for predicting outcome of
coma. In contrast, Baker et al. [11] concluded that it
remains unclear whether the GCS has sufficient inter-rater
reliability and emphasize that the evidence base is derived
from inconsistent research methodologies, leading to a
picture of ambiguity. Prasad [16] noted that reliability is
good if no untestable features are present and observers
are experienced. A more recent editorial stated that the
GCS has repeatedly demonstrated surprisingly low inter-
observer reliability. This opinion was, however, based on
a review of only eight reliability studies and two review
articles [12]. Also, Zuercher et al. [15] recognized that
there is considerable inaccuracy in GCS scoring in daily
practice as well as in clinical research and emphasize the
need for consistent use of the GCS and quality improve-
ment initiatives to increase the accuracy of scoring [44].

No previous study has tried to establish an overall
estimate of reliability. Although this systematic review
recognizes several conflicting findings among primary
studies, it also shows that 81 % of all reported kappa
values showed substantial agreement, which can be
considered a proof of adequate clinical reliability.
Consequently, this systematic review does not endorse
the criticisms on the reliability of the GCS [12, 44].
Debate is ongoing about what level of reliability is
acceptable for clinical care and health research. The
classification of Landis and Koch is often applied, but
may be too liberal because it refers to kappa scores as

low as 0.41 as acceptable [39]. In this systematic review,
we focused on levels of 0.6 and 0.7. The former is
referred to by Landis and Koch as ‘substantial’ [18] and
the latter by Terwee et al. as minimum standard for
reliability [19].

Strengths and limitations

The strengths of this systematic review are that we
employed a comprehensive search strategy, and followed
accepted best practice [17] for key review tasks. How-
ever, it is possible that we missed unpublished data,
because we did not search the grey literature. In addition,
a greater depth of information could have been obtained
by contacting the authors of primary studies to derive or
clarify missing data.

Implications and recommendations

This study has implications for further reliability research
and for clinical practice.

From the former perspective, the methodological
flaws and inadequate reporting, reflected in the low
quality of many studies, should be improved. In future
research, observers and patients should be clearly char-
acterized and sufficient numbers studied. A compatible
approach to analysis should be used across studies, as
outlined in guidelines developed for reporting reliability
[45]. The Kappa statistic, while not without limitations
[46], is currently the most widely applied reliability
estimate for nominal measures and accompanying con-
fidence intervals should be reported to facilitate meta-
analysis.

In clinical practice, the overall reliability of the GCS
seems to be adequate. However, “adequate” should not
be considered sufficient. Standards for an important
clinical monitoring instrument should be high. The broad
range of reliability estimates reported in the literature
indicates room for improvement. Endeavors to improve
the reliability should be guided by an understanding of the
factors that influence reliability. Awareness should be
raised that reliability of the sum score is less than that of
the components of the GCS, and this should be taken into
consideration when using the sum score in disease
severity scores or prediction models.

Conclusion

This systematic review identified a general lack of high
quality studies and revealed considerable heterogeneity
between studies. Despite these caveats, good quality
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studies show adequate reliability of the GCS. The higher
reliability in assessing the three components endorses
their use over the sum score in describing individual
patients. The findings of this study underscore the
importance of efforts to improve reliability research in
this field and emphasize the importance of continuing
efforts to improve the reliability of the GCS in order to
optimize its use in clinical practice. To this purpose, we
present the following recommendations:

1. Ensure teaching and training in GCS to all new/

5. Report and communicate each of the three components
of the GCS, rather than using the sum score.

6. Develop consensus on how to enter the sum score in
aggregated ICU scoring systems.
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